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Tissiie Mmrkiiig Clip for Stereotaetie Breast 
Bi®psji IiiitimlPlaeeiiieiit Aeeiiraey^ 
Ldng^term Stability, atiil Usefiileess 
as a Qnide for Wire LocaUzation' 



mPOSD To deteimine iniHa! 
glsiement acciitacv, iotjg-h'ini stabii- 

«ireiorah/diio» fos ssseidllic m.irker 
dips pUced perciUai3eo!!f.]y dih'i sie- 
lactic breast biopsy. 
HATERIALS AND ML J WODs; Oise 
kndred forty-nine inarkei clips were 
p(sd percutaneousiy with a straight- 
issdie or through-probe method, and 
*Sf positions were measured. The loca- 
fe;!-.o?31 marker clips were followed 
epffc vSfploymenl l«» first foilow-up 
remmc-grdpliy. Thirty-six biopsy sites 
dih marker dips were excised surgi- 
i ?^yand examined; 18 of these marker 
dips were targets for wire localization. 
iHslocasiosis of 22 benign lesions were 
fw^'sred tsver tisne io caSibrate ilte 
i8?jW(.:nei it system. 
,?£Sif£.j.'3.' B.ise!iiiie variability was 8 
m Initial marker clip deployment 
mraged 5 mm above baseline from 
flie center of the target lesion (P < 
JH). Compared with baseline vari- 
ibility, matker clips remained in 
place from initial depIoyjiieiU io first 
kaging follow-up (mean, 8.6 months). 
Potentially clinically meaningful mis- 
piicement rales (deployment > 24 mm 
im target lesion center) were 7% for 

through-probe method and 11% for 
'j>cstr.iight-needle method (not signifi- 
CJPiiy different; P= 33). 
COSaUSlON: The marker clips 
spps-ar to be useftd targets for wire 
iocilii-ifioH when the entire target 
biors is removed at directional, 
¥saii!i!i-.i»t>isted breast biopsy. Up- 
Hghi, ivvo-view mammography is 
fecoiiimended after deployment of 
ihe marker clip to document location. 



Wi ifcN ptMciuaneous breast biopsy 
was; first performed with fine- 
•itv Jle itdtion to establish a cyto- 
!og.£ JijjT[-!osi , fi-)f a mammographi- 
('MK ;iietilit.,\1 'osion, the concern 
t:i<Tt lnn^-nci Ji" tijpiranon would re- 
e t.ie i. ntit* target lesion was not 
addicbsed, to oiu knowledge. Con- 
versely, insufhcient acquisition of tis- 
sue has become the "Achilles' heel" of 
fine-needle aspiration breast biopsy 
(1). After the introduction of auto- 
mated core needie breast biopsy by 
Parker e!: a\ (?.) in 1990, concern that a 
small target lesion might be removed 
entirely with use of this technique led 
Dershaw (3) and Sullivan (4) to rec- 
ommend that automated core needle 
bri'ast [liopsies be performed only on 
Io.sioii^ greater than 5 mm in diameter. 

rjronkers (5) reported that in six 
('6.6%) of 70 18-gauge autonialed core 
needle breast biopsies (Crown-Core- 
Cut .Needie; Biomed Instrurnente 
Prodiikce, Turkenfeid, Germany), "... 
the lesion disappeared after the ste- 
reotactic biopsy". Similarly, Mikhail 
and colleagues (6) reported that in 60 
lesions in which breast biopsy was per- 
formed witri a i4-gauge automated core 
p.eedle (liiopty-Cul Needie; Bard Gyne- 
cology and Radiology, Covir.gton, Ga), 
three (5"i>) lesions were malignant and 
". . . wei e so small that the . . . needle 
biopsy completely removed the focus of 
malignant cells ... ". 

An even higher frequency of total 
excision of all visible target lesion 



landmarks has been reported after 
directional, vacuum-assisted breast 
biopsy. In a study in which 14-gauge 
directional, vacuum-assisted probes 
(Mammotome; Biopsys .Medical, Ir- 
vine, Calif) were used (these probes 
remove 35-45 nig of tissue per speci- 
men), Burbank reported that 50';4 of 
the target lesions couid not be identi- 
fied mammographically immediately 
after stereotactic breast biopsy and 
that 48% of ihe lesions could not be 
identified at the first imaging fol- 
low-up months after tlte stereotactic 
biopsy (7,8). Excisiona! breast biopsies 
that demonstrate hisiologicaliy clear 
margins of atypical ductal hyperpla- 
sia, ductal carcinoma in situ, and infil- 
trating breast cancer for lesions 5 mm 
in diameter and smaller have been 
reported in 307<> of the 14-gauge direc- 
tional, vacuum-assisted breast biop- 
sies (9). 

Furthermore, directional, vacuum- 
assisted breast biopsies are now being 
performed percutaneousiy with 11- 
gauge probes. The 11-gauge probe 
removes approximately 90-100 mg of 
tissue per specimen (10). At this level 
of percutaneous removal of breast tis- 
sue, all visible signs of the target le- 
sion may be removed at an ever, 
higher frequency than reported previ- 
ously. 

Wiien total removal of Ihe target 
lesion occurs during a diagnostic per- 
cutaneous stereotactic breast biopsy 
and the target lesion proves to be 
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Figure 1. Diagram shows the closure sequence of the marker clip. 



atypical ductal hyperplasia, ductal 
carcinoma in situ, or infiltrating breast 
cancer, the question remains as to how 
the biopsy site can be identified accu- 
rately fo/presurgicai wire localiza- 
tion. Another question resTiains as to 
how the biopsy site can be identified 
unambiguousiy during ,3 or more 
years of imaging follow-up when the 
target lesion proves to be benign. 

To address the problem of total re- 
moval of a target lesion during direc- 
tional, vacuum-assisted stereotactic 
breast biopsy, a 15-gauge, 2 X 2-mm, 
percutaneous metallic marker clip 
was developed (MicroMark; Biopsys 
Medical) and approved by the US 
Food and Drug Administration on 
March 15, 1995 for placement in soft 
tissues. The fnarker clip and deploy- 
ment system adds a cost of $75 and 
approximately 1-2 minuSes to the ste- 
reotactic breast biopsy procedure. 

The purpose of this study was to 
determine (a) the initial accuracy of 
placement of a marker clip imme- 
diately after directional, vacuum- 
assisted breast biopsies; (b) stability of 
the marker clip after placement from 
time of insertion to the first follow-up 
iographic study; and (c) the 



usefulness of the marker clip as a 
mammographtc guide during wire 
localization before therapeutic breast 
surgery. 

MATERIALS AND METHODS 

A total o( 171 patients were studied; 22 
patients (average age, 46.8 years; rr!ii)?,e, 
38-S5 years) contributed benign control 
lesions for calibration of the measuremeiit 
system, in 149 patients (average ag t ^ 
years; range, 32-86 years), biopsy vs d- j. t 
formed with a 14- or 11 -gauge directior i 
vacuum-assisted probe (Biopsys Medical; 
and marker clips were placed. Between 
December 8, 1995, and January 28, 1997. 49 
(33%) directional, vacuum-assisted biop- 
sies were performed with 14-gauge direc- 
tfonai, vacuum-assisted probes and 100 
(67%) biopsies were performed with 1 i- 
gauge probes. Two radiologists (F.B., N.F.) 
performed all marker clip platemt . i: i 
details of perfoiTning a directional, vc^. i i 
assisted breast biofKv have been publ bl i' 
previousiy, including complication rates 
(10,11). Each patient gave informed toivt if 
before undergoing biopsy and receiving a 
marker dip. 

Aggregate specimen weights were riiea- 
sured and reported by the attending pa- 
thologist at Mission Hospital Regional 
Medical Center as part of the gross pathol- 



ogcdcbc 1 I 111 ur ^ii't i( 1^1 
X .Kuuin a<!S -ic'- b i ,t hit ps) «anip ^ 
Uireciiona \ ncuu'n T^sis^td bio!.-*^ , 
wore categorized as excisional or incisional j 
by examining two X8 magnified stcieotnt- j 
tit c isita n ammogrins •'isd two npi glit 
craniocaudnl and medioiateral oblique : 



f Ll I 



Ifl 



H> ( he mark' t dp I istwnUnp , 
pending on wheihei it is o'X'n or do k 
When open, the marker clip resembles ;> 
tiiy 1 or«-e'!oc Wboi^ d cpH ihc tw 
h Tib )f the l!(>r«p>;!ioc a c \ nche d t 
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itastti sntisti ^^Ltnt 
<s of llienmrkerdip. the 



I ii s i j?r to the aciioii of a siJi 
1 ii i i-> Abf j^igre-jjivily more 
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b litrt -'it.holdc! vv'-ibj.ld on h k 
m irf 1 f b opss t 1 s 1 I 1 

"lilt rtith c-> [.o nt(.d bt\c! tipped tio 
car); ((/) a iiL-w set of coordinates was gen- 
ernsed by the computer to position tiie tip 
of the siraight neettio at the bioosv site: 
(O tl t stiaight need e v'. it' a u j trai i'Oi.?r 
was advanced fo the biopsy site: and 
(/) the trocar was removed ami the percii- 
t ni 11 iiiikL ch issL lib!) wii, ivi 
vaiiccci down the snaft of the straight 
m.uak, and tlie marker clip was attached 
tntiis; wall ot tile biopsv cas'itv as shown 
inh-igiu-e 1. 

f> U,iH>.hpK«cdcpk)n,citnothx1 
n sst ut E .-osSl^, 0)di horn! 
vaciiuui-assisted biopsy was pt:rformed 
ivi 1 a .4 iiii,e pi 1^1. (SIX dtpiojmcrts) 
anm ll-gauge probe (Jt)() deployments): 
ana liij ine marker chp assembly was ad - 
vaiited innnigh fne directional, vaciuim- 

p I '^e 1 t (. n a k t cl p wib 
a chedt i t vMlUttlc liio?svi.-iMtv 



jscnbe accunitelv iSie location ot the 
ku hi. 1, it' tiijit ion wU'isu 
FLisi fhc \mi u in !1 ,<.uf Kidi 
, Bi.ib ini p ij, wd ' <|. tuvbvs 
coiUiin liii St it, nlodtions s 
(_ ■^ithoii^, till-, i icthoJ s SI iliibic 
;ent:ra!iy defining the location ot a ie- 
wiihm the breast, it is not suitable Soi 
iiomg smaii differences in vhe positiors 

o^iei-ts thaf may ije i ^osl t> ^ i 
f Yi U n thebicast C oisi i.r v ul 

iud a id icsni^ a ni> u i i \ n> 



lud loii tlictuoiiiu iiio„i ill W II 
rtiiisk, tile maskcontamh inforniiition tiom 
BoSii mainniograms. 1 he iirst mammo- 



gram defines the shape of the breast and 
the location of an object of mterest on the 
mask. rh«! second mammogram is fitted to 
the mask, and the obioct of mtenst on the 
sttond r'l^v ^ 'lo 
tnsk Tht, t' nc t v - < lu--i 

i jctlf I on 

^ > ; . target 



ciUion on each mammogram, trsen two 
tracings of the objects on tiie mask would 
superimpose exactly. In this ideahzed ex- 
ample, the tracings of the superimposed 
objects on the mask coutd be described as 
exactly "on target." I fowever a bfe^';r 
never projects as exnctiy the same shape 
on any two niammogriims. Furtheirnore. 
wlien a marker chp is placed in t.ne bre.^st. 



the tracmg of an object is not in the itieai 
f o It on on the mask tl e object i , dt 
.si.i iDed as off target, the distance (in 
miHimeters) that an object is off target is 
mea.siired directly on a tnask with a ruiei- 

1 he craniocaudal mask descriL«?s; ths? 
distance off target in one pr«|e;ction; the 
meHioiatt i3t rb'i ^t mbi , ic 



d\ crage dis anci off tarj,et lia«; tl 
mgs, depending on three contexts. 



Initial Accuracy of Marker Chp 

Deployment 

In ^he fi'stcoptt'xt Hi svcMpi ri ^frnce 
oftlliijLtcl t! t m r <.r<.'i v.itb -s^ i r ^o 
thi. ilft>( If s M r (.a 3f u , I 
tactic directional, vacuum-assisted brpfist 
biopsy and depluvmerst of the marker ciit? 
was me.isLired by creatine; a mask of the 
r niociiidii f i,eii -i Lralcbiiqic 
pimn I c. ff r>. )f J it^ 

ri ktoicn ipi 4^11 1 \ 1 cK-itccibv 
p I V I I ' hi-tt of V i y fihii on top 
s)t liie craniocaudal and mediolateral ob- 
iique mammograms obtained before bi- 
opsy iFig 2a;. With use ot a bripht light, 
the skin Ime. the nipple, and an c;.!i!)uii> ot 
the lesion were traced by hand onto tiie 
mask With an indelible fiim marker fFie 

■'b^ foi n iSsi.sloElS t' ' !C is 



ilelivered percii!.ifiooii.s!y at or ne-ir the 
biopsy site by moans of the strasuht-needte 
1,43 deployments) or through -probe (106 
deploy fnents) deployment method. Cra- 



niocaudal and mediolaterai obl!C(ue mam- 
mogram-, w< c obtiintd imncdidiclv ?fki 
!>!op.sy and marker chp deployment to de- 
fine -he locations of the marker cim wiiinn 
the breast in tiie craniocaudai and nn>rfio- 
iaterai oblique projectKMiK (i<ig 2c). I hc 
target lesion wasconmioiilv removerf pn- 
tirt y distort* d or o^'-c id j i i f f 
the directiop I it i^n ="si t ps/ 
Consequent! f _ t^ i i v as oft r 
no longer \ isi t t ^.^ ^ lu i t 
mammograms obtained aster biopsy and 
marker clip placement. The marker clip, 
however, was always clearly visible. 

Finailv, the craniocaudal mask was 
placed on top of the craniocaudal mammo- 
gram obtained after biopsy and marker 
clip placement, and the medioiateral ob- 



iifji < 



T^kvSl 

1>I 



-if t- 

n nbt 



isition 



the Dest overall 
fit. Ofic-- tiie tit was optimal the position 
of tl ^ n ^rs -I p was drawn as a did 
mond on tne craniocaudal and medioiat- 
eral oniiLiue masks with an indelible 
!riai-KeriHg2d.j. 

1 he craniocaudal and medioiateral ob- 
lique masks then contained the locations at 

p V IX bjet s of nte'-es'- the ta ^et leb 
E.iid t 1 -i ki. 1 p '"^t d stan'-" roi the 
le center of 



irker c 
■n the 11 



the craniocaudal and 
.^djohtt, ,1 oblique p >)ect3ons {Fig ^d) 

< ^ "n iKrJp'r^ e r'"io a 
=■'--' •^t,"!,.- a^l" a ub iq^^ pr svtions we-e 
iv< r?ged avc age d stance - [(Tano-a 
dal distance + medioiateral obiiaue dis- 
tance)/''] cicatLiglle^verog di«.f?n'-e 
off tirgct for the iniiiai deploy mt nt c iht 
marker chp. The average distance off tar- 
got in this context is a measurement of the 
" 1 )■ ei 1 p distance tro n "-he target ie>ion 

II. iicp J it.p J le irietbods 
^ r sin ssiiuiy'iv veragedis 
tl 1.1. i^t ri.1 ^) iui /m -< d^corJing 

d . nt 1 tin, 



Sfabihty wf Marker Chp Placement 
Over lime 

In the second context, the stability ot 
marker clip placement over time was mea- 
sured by comparing the ptisition of the 
marker chp on trie craniocaudal and me- 



iopsy and marker clip depic 



ir fore t! p skin uu'-Si sp i rem tiie -mmTic 
J rim biin d .t fi 1 1 iiaj^m^ oliow ii- 
were ittf i o hi -nmocaud .i and medic 
i kr,i > hem m 4, ^ usn. t ip nipple 
IS tht itutru I u r ik tin > ^ 
tweeii each follow-up ■mmmogr.^ri firbt 
imaginsj foilow-up mammoijram and the 
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Figures. Photographs of i.i<in.mO(;raMS 
show the steps necessary to use a fsinrtct-r ciij. 
as 3 target for wire locahzation befott bi.r- 
gery Wire isxaiization was perforn ^ nie 
■==ime fpsiofi shown in figure 2. (a) 
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pet lesion {upward-pointing armw. . 
centtotne r.r (.rrU {d v>nwa d .omn 
arrow) A ffuu d k t ah V,or .m f Kop 
SpimgHotKW) Cv-uV Biootnirgfoi Ird 



1 pti 



cross in the lateromedw! yro\-<. 
eioiT-edia in 1 1 "r'am 1 pIp' ven ^ ti p 
stionoftF^ I aiz t i ^ ''e U^bidrl^ . 
row highlight i K I. cin 

arrow hi{,i letti beK ( S 
withPikUp ^tcKit-vCoip nt^cn b stol 
Conii) whicn I: ob pU t lit t ^ -i-^ir ent ^ 
site of the wire (c) Crar lOCc vidol t at ur opra r 
shows the posiMon of the local z itioi v. i c 
the mat-kei r ip I a t-it" a^o m ►ti. -^k 
SfcBf ^rn% du-v*,) <d. Ma, ii£ fy21 1 dio 
, p f 1 , ^, peci f er Cut d\-d com 
pE^s f d r a pi tic tr n pc e a ton and com 
pre SSI i.onrerd' -^&, . F Z br« 
Westburv N\ =1 oi^a H c 'es Jua! large Ip 
sion (upward-pointing arrow), tne marKtr 
dip (downward-pointing arrow), ana the 
lotahzattonvsiie The ma ke- uip has beei^ 
moved dwiy from the tdr^^el lesion with ur 
gical transection of the specimen and pres- 
sure from the plastic compression contamet 



Ofll^r )eK« di^)spla-(d % 
c24 >) p itw a o vubscq ic rl v e.e dt i 
went surgical therap;, At sttrt t. lactic 
biopsy infiltraiing breast cat e w^s 
diagnosed m 20 (56%) of the 3 1 .e 
ciions ductal carcinoma m '^i u in .J 
I ! lonb and atv p u al d'x<. lal f 
!,^r-> aiatiEif- < i Ic-ioii'. The 
1;^' < f^a g -^erkt ed vKthtr 
L >mciKi.i hpvva'5U'>eda'?aguide 
for u t e locali^raaon, whether a radio 
grapl was obtained of the surgical 
sptuxnen siid the distribution of hi«-^c 
logic diagno-st air su'<iinari/ 'd n 
Table 4. 

IneigH x:/%!v) ' iftk'JUE-^ no 
PKop- a \v <- Hiziionvsab 
.etk! t J epci h^ aghl surger 
it< At re md'>t^(-tor i f, nnd th'^ other 
snivel V wa< o..a>U nstr ^su"- 
gcrv directed h\ f Mpati -> >f a hcraa 
toma presumec j'* c ' ur"- ^r .o be 
al Ihe directional xc-^n rf-bistcd 
I -asth .p vsic 1 il- K t!f> <ft 
'^i s thf^ ma isi J -> Ac > stL. c 5 n t 
t3 ^--^ lorvs! p xcWa'-onHjvv e ti^ 
r K '^sf 5-1 vs as ob.ained ot the speu 
men because the biopsy site was readily 
v)s b'e during surgery and radiography 
,v.^« deonxd redundant by tlve surgeon. 
! s 1 ^i ''•^on' 1hemark«>r 

lAiioitindcJ If- id -^f" /HaLf^cd 
, . UK .pe^uiun On cdl 18 (100"/o) of 
these radiographs, the marker clip and 




the previous biopsy site were identified 
positively in the specimen. 

In 29 (81%) of the 36 lesiont>, ihe 
biopsy site and residual tumor were 
ideahfied positively at histop;>tho- 
logic examination. In the remaining 
seven (19"/<.) lesionb, th-; biopriy :5*te 
V d a'-o ideniihed popitrveiy, .lEid iiie 
pathologist conciudf d that ihe targi i 
lesion had been excised with clear 
margins at directional, vacuum- 



assist.jti bre35 i biopsv bofore wise 
!oca!i/c'aio'i and suigical ihoMpy 
No t vidf iito of timiot ' PL-disig < 'r 
epithehc-ii displnconieiii wnf- idcuh 
tied in any of the 36 suigicai .speci- 
mens (13). 



DISCUSSION ; 

W.ih U6C of !4-g,ii!r,f arid n-gay§e[- 
dnectionai, vacuum assspied br-vipi | 



Table 1 

Gsrapaf js.ij« of 14- amd 11 gauge Directional, Vacuum-assisted Probes according 
to Spetiiiiuii Weight, Specimen Number, Lesion Diameter, and Percentage of 

Extiiiioiia! biopsies 

Avtrrage Avemoa No. )r.dwiai!;il A.-'i/cV.e of Mtv,;-: Excisional 
i'iobe No i;f Aggregato of Specimens Weights pee l-KSioii DiAmetois Biopsies 
Size Biopsies Weight (mg)* Obtained^ Specimen (mg)* (inucn)^ (%)S 



14 49 1,171 27 44 9.1 59 

11 100 1,949 19 105 7.8 79 



* Wejs-hts svere determined in the pathology department. P =s .0001 (unpaired t test). 

T P s. .0001 {unpc-iired t test). 
»Ps.Q00i {unpaired / fe.st). 

5 f a .13 (unpaired i teat); no statistically signiHcant difference in measurements. 

• P Si .lU (unpaired t test). 



Table 2 

Analysis of Variance of Average Distance off Target according to Count, Mean, 

Standard Deviation, and Standard Error 



Standard Standard 

li'.dependent Variables Count Mean Deviation Error 



Benign control lesiions 


22 


7.7 


3.8 


0.8 


Deployment method 










13-gaiige straight needle 


43 


12.6 


12.3 


1.9 


11-gauge through probe 


106 


12.6 


7.2 


0.7 


First imaging follow-up 


31 


8.7 


4.4 


0.8 



Table 3 

Overali Results of Analysis of Variance 





df Sum of Squares 


Mean Square 


F Value P Value 


Independent variables 








(» = 4) 




248 


3.9 S.01 


Residua! 


198 12,616 


64 






Buiilgti Sti-ui^'iil IhiouBli First 
ContiKl j Ncuillc Piubc | linutjintf 
i LSion jj^.^j^y^^^,^^^ Mulhods * 

Independent Vanables 
^igiire 'I. Bat graph snows the plotted aver- 
age dislciiice oft Mt-pet tor each of the four 
■iidepenuenl vai labies. I hin bars ciutme the 
; fon idt ii It \al 



biopsies, it IS the clinical goal to per- 

biopsy as con^pietdy and accuraieiy 
.1'. •niaying-giiideii wiie iiscaii/.ntiort 
anJ open stsigical breast biopsy. With 
'he cm ivni directional, vacuum-as- 



sisted probes, the goal is not to per- 
form therapeutic breast surgery per- 
cutaneously. However, to perform a 
complete diagnostic breast biopsy, 
epough bteasl tji ue mu tbeob- 
tainet! percuianeously at all breast 
lestonH. Enough Ussue. may be more 

1 1 '^hd tncjr V ruiit>ji„j'sst' ate >f 
customed ks retiiovmg. 

V-V. bdu i th<s wi a <i«!n>1 1 1. 
iciri^tl ttti-is -It JtU p<"rfe(.t the voUj'ne 
otti it 1 sciihtc in l«!!!el for 14 
gaus^e oroDes is jiist siifhctent to consis- 
tently perfonr> a complete and accurate 
diagnostic breast biopsy. Furthermore, 
we believe that the volume of tisstie ob- 
tanieci with the 11-gauge prol)e (Table? 1) 
may be sufhcient to compensate for 
s -"T 1 -^crconct ti^^e<- g tm s that 
occiir occassonaily. Consequentiy, we 
now perform only 11-gauge direc- 
tional, vacuum-assisted breast biop- 
.sies. 

Data are available in the literature 
for atypical ductal hyperplasia and 
ductal carcinoma in situ lesions that 
clearly support our first belief. When 



the diagnosis of atypical ductal hyper- 
plasia is ascertained at percutaneous 
breast biopsy and surgery is per- 
formed subsequently and ductal cares • 
noma in situ or infiltrating breast can- 
cer is identified at the biopsy site 
within the surgical specimen, the de- 
gree of disease in the breast has been 
underestimated ai percutaneous bi- 
opsy (14). Similarly, if ductal carci- 
tioma in situ is identified at percuta- 
neous breast biopsy and infiltrating 
breast cancer is later identified at sur- 
gery, the degree of disease in the 
breast has been underestimated at 
percutaneous biopsy (14). When 1-4- 
gauge, automated core needle breast 
biopsies are performed, with acquisi- 
tion of five to eight specimens per le- 
sion, rates of underestimation of 
atypical ductal hyperplasia and ductal 
carcinoma in situ are high, approxi- 
mately 50"o and 20%, respectively (15- 
17). Even when 17 to 19 specimens are 
obtained with 14-gauge, automated 
core needle biopsy, the rate of under- 
estimation of atypical ductal hyper- 
plasia decreases only to 44% and that 
of ductal carcinoma in situ decreases 
only to 16% (14). 

When 16 or 17 specimens are ob- 
tained with 14-gauge, directional 
vacuum-assisted biopsy, the rate of 
underestimation of atypical ducl:al 
hyperplasia decreases to 18% and the 
rate of underestimation of ductal car- 
cinoma in situ decreases to 9% (18), 
(unpublished data). Although these 
rates are improved compared with 
rates of underestimation associated 
with 14-gauge automated core needle 
biopsies, underestimation of disease 
at the biopsy site still exists. 

To eliminate underestimation of 
atypical ductal hyperplasia and ductal 
carcinoma in situ, approximately 30 
specimens must be obtained from 
each lesion with 14-gauge directional, 
vacuum-assisted biopsy (14). At this 
level of percutaneous tissue acquisi- 
tion, over 1 g of tissue is obtained 
(Table 1). Furthermore, when we use 
the 11-gauge directional, vacuum-as- 
sisted probes, nearly 2 g of tissue are 
removed at the biopsy site (Table 1). 

When over 1 g of tissue is removed 
from lesions in which the average di- 
ameter is 1 cm or less, all mammo- 
graphic signs of the lesion may be re- 
moved as well If fact, for small 
lesions (5 mm in diameter or less), we 
expect to remove ail visible signs of 
the lesion during the directional, 
vacuum-assisted breast biopsy. The 
marker clip was developed to ensure 
that a target would still be present for 
subsequent wire localization and 
therapeutic surgery. 
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Our study demonstrates that on 
average, the marker clip was de- 
ployed about 5 mm from the cen- 
ter of the target lesion (12.6 mm - 
7.7 mm = 4.9 mm). Since the average 
lesion diameter for the 149 marker 
clip placements was approximately 10 
mm, the overall accuracy of deploy- 
ment was good. On average, the 
marker clips were placed just outside 
the margin of each lesion. Although 
no clinical problems were encoun- 
tered from any of the marker clip de- 
ployments in our study, there were 
potential clinically meaningful excep- 
tions to this general rule. In 11% of the 
straight-needle deployments and T% 
of the through-probe deployments, 
the average distance off target was 24 
mm or more. An average distance off 
target of 24 mm or more could poten- 
tially lead to a clinical problem at wire 
localization and therapeutic surgery. 
We could not predict from the tna- 
nipuiation of the marker clip deploy- 
ment systein when an off-target de- 
ployment had occurred. We were 
aware of off-target placements only as 
we examined the two-view mammo- 
grams obtained immediately after bi- 
opsy. 

If the position of the marker clip 
with respect to the target lesion is 
known immediately after placement 
of the marker clip, a deployment error 
of 24 mm or more would not necessar- 
ily lead to a clinical problem. If the 
position of the marker clip with re- 
spect to the target lesion is known, 
then any error in deployment of the 
marker dip can be taken into account 
at wire localization and surgery How- 
ever, if the position of the marker clip 
with respect to the target lesion is not 
known and the average distance off 
target is large, then a clinical problem 
might occur. This clinical problem 
may occur particularly if the patient 
underwent stereotactic biopsy and 
marker clip placement at one site and 
wire localization and surgery were 
performed at another. At the second 
site, it might be assumed incorrectly 
that the marker clip was exactly on 
target. Consequently, we believe it is 
important to document the position of 
the marker dip after each deployment 
with a standard two-view, upright 
mammogram. This two-view upright 
mammogram should then become a 
part of the patient record and be avail- 
able for review before wire localiza- 
tion is performed. 

We do not believe it is sufficient to 
repeat stereotactic mammography 
while the patient is still on the biopsy 
table and to use the stereotactic mam- 
mogram to measure deployment accu 
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Figures 5, 6. Graphs show the percentage distribution of tlic a\ oi ape dist?, ^ oi' <'''^^^''>' 
^"sr^t'alhl-needie dep!oyment method and the (6) through-probe ,m-hod i ^^^i^' « ^^^^ 
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methid, 7% of the average distance off target measurements were 24 mm or greater. 



Table 4 . . 

Type of Surgery Performed and Histologic P'ag^gs'jHl 



Metallic Obtained of InfiltraHng Ductal 
CUp Used for Surgical Breast Carcinoma 
Localization Specimen Ci 



Atypical 
Ductal 
In Situ Hyperplasia 



Breast conserving 
Breast conserving 
Breast conserving 



» Numbers in parentheses are percentages. 



racy. It is possible to calculate tlie x, y, 
and z coordinates of the marker clip 
from a repeat stereotactic mammo- 
gram. However, the coordinates calcu- 
lated may give the operator a false 
sense of security, since in compression 
the coordinates of the marker dip are 
almost always close to the coordinates 
of the center of the target lesion. Be- 
cause of the accordion-like character 
of the breast with bands of tough fi- 
brous ttesue alternating with bands of 
softer, fatty tissue, this method of 
documenting marker clip position is 
not reliable. The marker clip may at- 
tach to a band of fibrous tissue that in 
compression is close to the center of 
the target lesion but when the clip is 
out of compression it is at some dis- 
tance from the center of the lesion. 
To avoid this pitfall, the stereotactic 
mairunograms should be used only to 
document that the marker clip was 
deployed. To determine where the 
marker clip was deployed, upright 
standard mammography is necessary 
Our study also demonstrates that 



the marker clip did not change posi- 
tion over the follow-up period of the 

studv (mean, 8.6 months). The aver- 
age distance off target for marker dip 
measurements at first imaging fol- 
low-up were not statistically signifi- 
cantly different from the average dis- 
tance off target measurements for the 
benign control lesions. Therefore, onc^^ 
the location of the marker dip is docu- 
mented with upright mammography 
after deployment, it can be safely iss- 
sumed that the marker dip will re- 
main where deployed for at least 8 6 
months. Stability over longer periods 
has not been documented, to our 
knowledge. 

Marker clip mispiacements (aver- 
age off target distance > 24 mm) wen' 
more frequent when the straight- 
needle deployment method was uspd 
than when the through-probe deploy- 
ment method was used {\V% vs 7%, 
not statistically significant). Furthei-^ 
more, the straight-needle deployner.r 
metliod necessitated more deploy- 
ment steps than were necessary ff>i 
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ple pinned to the wall in the stereotac- 
tic breast biopsy room and find it a 
useful communication aid to obtain 
informed consent. 

Before we used the marker clip, we 
were abie to perform, wire localization 
successfuiiy in as! lesions in which 
slereotacticaily giiided biopsy was 
performed and surgery was necessary, 
in small lesions, however, we had a 
degree of concern with regard to the 
time between stereotactic biopsy and 
wire localization. We were particu- 
larly concerned when a patient was to 
be transferred to another facility for 
wire localization and definitive breast 
cancer surgery. In the hope that re- 
sidual blood or air might remain at 
the biopsy site to identify the biopsy 
site if the target lesion were removed 
entirely at stereotactic biopsy, we at- 
tempted to minimize the time from 
stereotactic biopsy to wire localiza- 
tion. This source of concern has now 
been elinvinated. Because of the marker 
clip, we are ncaw ccsnfident that wire 
localization can be performed success- 
fully at any time after stereotactic 
breast biopsy whether residual blood 
or air from the biopsy are present at 
wire localization. 

Finally, with the availability of the 
marker clip, it is not necessary to 
place lower size limits on lesions that 
can undergo stereotactic biopsy. For 
small lesions (< 5 mm in diameter), 
we anticipate that in a high percent- 
age of cases all visible signs of the tar- 
get iesion will be removed. However, 
because a marker clip is placed after 
each stereotactic biopsy of these 
smaller lesions, we are confident that 
the biopsy site can be reached accu- 
rately at wire localization with the 
marker clip as the surrogate target. 
Furthermore, even when a marker clip 
is off target, knowledge of the direc- 
tion and magnitude of the deploy- 
ment error allows the marker clip to 
be used as a clear-cut point of refer- 
ence for wire localization. ■ 
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